Studies on socioeconomic and epidemiological effects of hearing impairment in middle-income countries of Southeast Asia are still quite scarce. This study examines the association between hearing impairment and health outcomes in Thailand. Data derived from a cohort of 87 134 Open University adults aged 15 to 87 years residing throughout Thailand. Approximately 8.5% of cohort members reported trouble hearing and 0.13% reported being deaf. After adjusting for age and gender, poor self-assessed health was strongly associated with some trouble hearing (odds ratio [OR] = 2.70, 95% confidence interval [CI] = 2.48-2.93) and deafness (OR = 3.08, 95% CI = 1.73-5.50). Population attributable fractions for hearing impairment were 12.9% for poor self-assessed health, 9.8% for poor psychological health, 3.3% for metabolic disorders, and 4.1% for cardiovascular conditions. More attention needs to be paid on hearing impairment with regular check-ups and early detections.
Introduction
The World Health Organization has drawn attention to hearing impairment and its associated social and economic burden on individuals, families, communities, and nations. 1 Hearing difficulties in children may delay development of language and cognitive skills, which may hinder progress in school. In adults, hearing deficits make it difficult to obtain secure employment. Furthermore, hearing impaired persons are less likely to have highly skilled jobs and more likely to have low income than those with normal hearing. 2 Poor hearing imposes social and economic burdens not only on individuals but also on families and communities. Hearing impaired persons can be stigmatized and socially isolated. [3] [4] [5] [6] [7] In addition to the social and economic effects described above, over the past decade many studies have shown that hearing loss also has adverse effects on many aspects of health. These studies quantify the age-related hearing impairment on quality of life, personal well-being, and other health outcomes, including certain chronic illnesses and psychosocial states among older persons. [8] [9] [10] [11] [12] Socioeconomic and epidemiological effects of hearing impairment have been investigated in rich countries. But in most of the developing world, including middle-income countries of Southeast Asia, hearing loss does not get much attention because of its invisible nature and the lack of investigative resources in the health sector. Thus, information on the causes and consequences of hearing loss is sparse for countries such as Thailand. The Thai National Statistical Office has reported that hearing disabilities are indeed common 13 but little is known of the social or health impacts. Based on available information, the prevalence of sensorineural hearing impairment in Thailand in 2000 is between 3.5% and 5.0%, 14 but if milder degrees of hearing loss are also included, the number could be as high as 13.3% among the general population. 15 This study examines the sociodemographic associations and epidemiology of hearing impairments as well as the associated adverse health outcomes among educated Thais based on the unique data set of the Thai Health-Risk Transition study-a cohort of 87 134 Open University adults residing throughout Thailand. The findings provide important insights into the health and well-being of hearing impaired persons in Thailand.
Methods

Study Population and Data Collection
Data were derived from 87 134 distance learning students aged 15 to 87 years from Sukhothai Thammathirat Open University (STOU) who completed a baseline survey in 2005. The baseline characteristics of cohort participants compared with the population of Thailand have been reported. [16] [17] [18] Overall, the cohort represents well the geodemographic, ethnic, occupational, and socioeconomic status of the adult Thai population. This is because most Open University students already have established jobs and because of their work and family responsibilities and modest economic circumstances, are unable to leave their locations to attend an on-campus university full time. However, they are better educated than the general Thai population and thus are able to respond to complex health questionnaires.
The baseline questionnaires containing information on individual and household characteristics were sent out to approximately 200 000 STOU students. The response rate was 44%, which is above average for mailed questionnaires. [19] [20] [21] Further analysis of responding students showed that they were similar to other STOU students for age, gender, marital status, income, courses of study, and geographical location. 22 The questionnaire covered a wide range of topics, including demographic, socioeconomic, and geographic characteristics, health status, health service use, risk behaviors, injuries, dietary intake, and family background. A 4-year follow-up was conducted in 2009 (response rate >70%) and the next one is due in 2013. The main characteristics of the cohort discussed here are age, gender, income per month, and life course urbanization (residence at age 12 years and at present).
Data Processing and Analysis
Data scanning and editing were done using Thai Scandevet, SQL, and SPSS. [16] [17] [18] For analysis, we used Stata version 10. Individuals with missing data for analyses presented here were excluded, so totals vary a little according to the information available. Missing data usually involved 1% or less of observations and results were stable given the large size of our data set.
We assessed the association between outcomes and potential determinants reporting odds ratios (ORs) and confidence intervals (CI) from multivariate logistic regression. We tested for age-gender confounding by adjusting the crude ORs. We also evaluated other potential confounders (body mass index, smoking, alcohol intakes, income levels, and life course urbanization), assessing whether they varied in prevalence among the compared hearing groups.
Finally, we calculate population attributable fractions (PAFs)-the proportion of all cases of a given related disease that occurred in the study population that could have been avoided if no one had the determinant exposure (ie, "trouble hearing" or "deafness"). 23 PAFs are calculated from the age-gender adjusted ORs and the prevalence of hearing impairment among the "controls" or the general population if known (ie, those without the outcome of interest, for each association assessed) as follows:
Measures of Self-Reported Hearing Levels
Levels of self-reported hearing were obtained as follows: "Which statement best describes your current hearing (without hearing aid)?" Response categories were "good," "some trouble, since childhood (<13 years old)," "some trouble, since teenager or adult (≥13 years old)," "deaf, since childhood (<13 years old)," or "deaf, since teenager or adult (≥13 years old)."
Measures of Health Outcomes
We assessed psychological health using the 3 anxiety-oriented items of the standard Kessler 6 psychological distress questions. The questions we used were the following: "In the past 4 weeks, about how often did you feel (1) nervous, (2) restless or fidgety, (3) everything was an effort." Answers to each of these questions were on a 5-point scale ranging from "all the time" to "none of the time." Those answering "all the time" or "most of the time" on all 3 questions were classified as having "poor" psychological health.
Overall health is based on the first question of the Medical Outcomes Short Form instrument (SF8)-"Overall how would you rate your health during the past 4 weeks (excellent, very good, good, fair, poor, or very poor)." For analysis, we combined the last 2 categories as "poor or very poor" self-assessed health.
Other measured heath covariates included self reported chronic illness. Respondents were asked to indicate if they have ever been diagnosed by a doctor for any one of a list of conditions, including certain metabolic disorders (diabetes, high cholesterol), cardiovascular conditions (high blood pressure, stroke), cancers (liver, lung, digestive, breast, others), liver disease, kidney disease, or depression/anxiety.
Ethical Considerations
Ethics approval was obtained from Sukhothai Thammathirat Open University Research and Development Institute (Protocol 0522/10) and the Australian National University Human Research Ethics Committee (Protocol 2004344). Informed written consent was obtained from all participants.
Results
Characteristics of the Cohort Members
There were 87 314 of cohort members analyzed, and slightly more than half were females (54.7%). Age groups used in the analysis were 15 to 19 years (2.9%), 20 to 29 years (50.8%), 30 to 39 years (31.3%), 40 to 49 years (12.6%), and 50 years or older (2.5%). Approximately 40% of cohort members reported income of less than 7000 Baht (about US$175 in 2005) per month; 22.7% reported between 7000 and 10 000 Baht; and 34.0% reported more than 10 000 Baht per month. Three groups of life course urbanization groups were reported: rural residents (43.3%); rural moved to urban areas since age 12 years (31.5%); and urban residents (25.2%).
Levels of Hearing Losses and Health Outcomes of Cohort Members
Approximately 8.5% of cohort members reported having some trouble hearing (7.7% after the age of 13 years) and 0.13% reported being deaf ( Table 1 ). The majority of those reporting some troubles were older than 50 years. There were 4.0% of cohort members with no hearing problems who reported poor self-assessed health ( Table 2) , compared with 10.4% among those who reported some troubles and 14.3% among those reported being deaf (after the age of 13 years). Similarly, 5.4% of cohort members with no hearing problem reported poor psychological health compared to 11.3% who reported some troubles and 10.7% who reported deaf after the age of 13 years. Metabolic disorders (diabetes, high cholesterol) and cardiovascular conditions (high blood pressure, stroke), and depression and anxiety were much more frequent among those reported hearing impairments. Also noteworthy was a modest increase in the prevalence of liver disease and kidney disorders among some of the hearing impaired groups. After adjusting for age and gender (Table 3) , poor self-assessed health was strongly associated with trouble hearing (OR = 2.70, 95% CI = 2.48-2.93) and being deaf (OR = 3.08, 95% CI = 1.73-5.50). Poor psychological health was also strongly associated with hearing loss (OR = 2.25, 95% CI = 2.12-2.39) and being deaf (OR = 2.43, 95% CI = 1.56-3.77). Metabolic disorders, cardiovascular conditions, and depression and anxiety were significantly associated with having some trouble hearing; the relationship with these adverse health outcomes was even stronger for those who were deaf but was not statistically significant because of the small number of deaf persons.
We assessed potential confounding for other variables besides age and gender (body mass index, current smoking, regular alcohol intakes, income levels, and life course urbanization), and we noted that each of these variables were of similar prevalence among the 2 major hearing impairment groups (normal vs some impairment). Accordingly, we did not include them with the age-gender adjusted OR estimates as they were not confounding those analyses. Analysis of PAFs (see Methods section) reveals that hearing impairment was associated with 12.9% of poor self-assessed health, 9.8% of poor psychological health, 3.3% of metabolic disorders, and 4.1% of cardiovascular conditions. Almost all the associated disease related to the group with some trouble hearing, which was much more prevalent than deafness among the cohort (8.5% and 0.13%, respectively).
Discussion
Here, we have reported associations between hearing loss and various health outcomes among a national cohort of distance learning Thai Open University adults. Our finding of an association of aging and hearing impairment is supported by other Thai studies. For example, the National Statistical Office reports on disability and on older persons found that the hearing threshold level increased with age in both sexes, at first gradually and then rapidly after the age of 50 years. 13, [24] [25] [26] Another recent study was based on elderly Thais in 14 urban communities around Siriraj Hospital in Bangkok with participants ranging in age from 60 to 96 years; the prevalence of ear disease diagnosed by specialists was 16.3% (95% CI = 14.0-18.6) and 9.5% of the survey population had a moderate to severe degree of hearing impairment. 27 The follow-up study found that early detection and provision of hearing aid improve the quality of life and prevent complications of ear diseases among the Thai elderly population. 28 Our national cohort study has also shown strong associations between hearing loss and adverse health and psychosocial outcomes across all age groups. This means that hearing impairment affects Thais in ways similar to those noted in richer countries. 8, 9 For example, in Australia based on a national survey of disability and aging, hearing impairment at all levels was associated with poorer physical and mental health scores on the SF-12 measure, especially for people with severe or profound hearing loss. 10 A Norwegian study of more than 50 000 people found hearing loss associated with substantially reduced mental health among older persons, but the effects were much stronger among the young (20-44 years) and middle-aged (45-64 years). 29 A study based on national health survey in Belgium noted self-reported hearing disability of the population aged 15 years and older; hearing disability was associated with subjective ill health (OR = 1.32), mental ill health (OR = 1.51), and a low social contact (OR = 1.73). 30 The strong and highly significant association of hearing impairment with both poor overall health and poor psychological health in our national Thai cohort strongly supports the above findings. Indeed, the associations shown for Thai adults in our study were even stronger than those noted for Australia and Europe, and because of the large sample size, our results were strongly significant.
Our national Thai cohort also revealed a positive association between chronic illnesses (metabolic disorders, cardiovascular conditions) and hearing impairment. Other reports show association between chronic illnesses and hearing impairment. For example, the national health examination survey in the United States has reported that diabetes was associated with hearing impairment across a wide range of sound frequency. 31 And a study of 3000 Dutch persons aged between 55 and 85 years in Amsterdam reported association of hearing impairment with some chronic diseases such as lung and cardiac disease, stroke, and cancer. 11 The same report also found that hearing impaired elderly persons reported significantly more depressive symptoms and a smaller social network than normally hearing peers. In Australia, the Blue Mountains Hearing Study of close to 3000 participants reported that hearing loss of older persons increased reliance on the use of community and informal supports (OR = 1.49, 95% CI = 1.02-2.18). 32 Thailand has already taken many of the steps needed to assist communication and education for the hearing impaired population. Thai Sign Language was acknowledged as "the national language of deaf people in Thailand" in August 1999. As with many sign languages, the means of transmission to children occurs within families with signing deaf parents and in schools for the deaf. There are primary and secondary schools catering for these deaf and hearing disabled students in Thailand. The first of these was opened in Bangkok in 1953. Since then, schools for the deaf and hearing disabled have been established in the north, northeast, and the south of Thailand. 33 In 1998, Mahidol University set up higher education for persons with disabilities. The Universal Health Coverage established in 2001 facilitates the use of primary health care services and provides access for regular health checkups. 34, 35 The strength of this study is its large scale with national population-embedded participation of adults from the socioeconomic mainstream of Thai society. Our study is based on educated Thais and the true magnitude of the trouble hearing might be even greater in the general population because hearing impairment makes education more difficult. Our cross-sectional analysis reveals a strong statistical association between hearing impairment and a variety of adverse health outcomes after controlling for the effects of age. Some of these health outcomes are themselves capable of causing hearing loss (eg, diabetes and hypertension); future longitudinal analysis of this Thai cohort will provide further insights into causal links between hearing impairment and health outcomes. It should be noted that we measured self-reported hearing loss. The stigmatizing nature of hearing loss makes the self misreport quite unlikely. Furthermore, selfreported hearing impairment is the best measure of social and community function and represents the actual lived experiences of respondents.
Our study revealed that hearing loss in Thailand is common and is strongly associated with adverse health outcomes as noted in other parts of the world. This study highlights the need for more attention to those with hearing impairment with a focus on raising awareness about prevention, and early detection of hearing impairment through primary health care and provision of affordable hearing aids. Many Thai institutions such as schools, universities, formal workplaces, and public services are now beginning to adapt to the needs of the hearing impaired population. Also, our data suggest that psychological and medical counseling and supportive social networking would further help to mitigate the impacts of stigma and isolation. Counseling could also help the hearing impaired to adopt preventive and coping strategies for the various diseases to which they are more prone, including poor overall health, psychological distress, metabolic disorders, and cardiovascular conditions.
